Earthquake
Introduction
The Ordos Block is located in the west of North China Block, its northern margin is connected with the Northeastern Block area, the western margin borders Western Block and Qing-haieTibet Block, the southern margin is close to South China Block, and the eastern margin is in the North China Block. Ordos Block is surrounded by active tectonic blocks, the northern side is Yanshan Block, the western side is Alashan Block and Qilian Block, the southern side is South China Block, and the eastern side is North China Plain. Ordos Block is an active block which is an important participant in Cenozoic and modern tectonic activities of North China area [1] , and it is an important transition region adjacent to the Tibetan Plateau, its tectonic activity, dynamic source and seismic activity characteristics attract many researchers' attention, and many representative results have been published [1e25] .
China is one of the countries which have the most continental strong earthquakes, and its land area accounts for 7% of the world, but continental earthquakes accounted for 33% of the world. The distribution of strong earthquakes in Chinese mainland is obvious inhomogeneous, the basic pattern of seismic activity is intense in west and weak in east, this pattern not only appears in the intensity, but also in the frequency. The Ms 7.0 earthquakes occurred only 4 times in Eastern Chinese mainland since 20th Century, and Tangshan Ms7.8 earthquake in 1976 is the biggest one, the other strong earthquakes all occurred in the Western Chinese mainland, especially Wenchuan Ms8.0 earthquake in 2008, Yushu Ms7.3 in 2013 and Lushan Ms7.0 earthquake in 2010. Since 1980s, in the Eastern Chinese mainland, there are only 3 Ms 6.0 earthquakes, and the largest one is the Baotou Ms6.4 earthquake in 1996. After the Zhangbei Ms6.2 earthquake in 1998, the strong earthquakes in the Eastern Chinese mainland remained in quiescence. In this background, an Ms5.8 earthquake occurred on April 15, 2015, located in the AlashanZuoqi, Inner Mongolia, northwestern margin of Ordos Block. The research about the movement characteristics, the dynamic source and the current seismic behavior of Ordos Block guided the study of the seismic law of different active episode in the fourth active period in North China, in particular for the study of the characteristics of the seismic activity of the sixth active episode.
2.
Characteristics of the tectonic activity at the margin of Ordos Block Ordos Block including the peripheral rift system and the Ordos stable block. As a II-class tectonic block, it has a multilevel structural system. Shanxi Fault system, Weihe Fault system, Yinchuan Fault system and Hetao Fault system are the secondary structural units around Ordos Block. In the eastern margin of the Ordos Block, the Shanxi Fault system is composed of 5 major rift basins and basin margin faults. Weihe Fault system, located at southern margin of Ordos Block, mainly consists of Weihe Basins and Weihe Basin margin faults. Yinchuan Fault system, located at western margin of Ordos Block, consists of Yinchuan Basin and Jilantai Basin. Hetao Fault system located at northern margin of Ordos Block, is composed of Hubao Basin, Baiyanhua Basin and Linhe Basin (Fig. 1) .
The fault systems around Ordos Block consist of basins. The inclined directions of the mountainous region at basin margin and around Ordos Block are very different. The inclined direction of mountainous region, located at eastern margin of Ordos Block, is mainly from southeast to east. In the southern margin of Ordos Block, the mountainous region tilts to south. In the western margin of Ordos Block, the mountainous region tilts to the northeast. In the northern margin of Ordos Block, the mountainous region tilts to north or northeast. The inclined directions of the basins around Ordos Block are also dissimilar. From north to south, the basin at the eastern margin of the Ordos Block, the main direction tilts from south to north and east. In the southern margin of Ordos Block, the basin tilts to south. In the western margin of Ordos Block, the basin tilts to northeastern east. In the northern margin of Ordos Block, the basin tilts to north. The differences of the inclined directions of these mountainous regions and the basins reflect the huge differences in tectonic activity around Ordos Block, and those differences are particularly obvious in seismic activity (Fig. 1) .
The 
3.
Movement characteristics of Ordos Block
Basic movement characteristics of Ordos Block
The southwestern boundary of Ordos Block is a compressional tectonic belt, Ordos Block is peripherally surrounded by conjugate shearing tension belt [14] . Some researches show that the differences in horizontal movement of the margin area of Ordos Block are obvious [15e19]. The northern margin of the Ordos Block has the right lateral movement, and the southern margin of the Ordos Block has the left lateral movement, so the overall movement characteristics of the northern and southern margin of the block are contradictory. Most of the studies suggested that the movement of the Ordos Block is stable since the Late Cenozoic [2, 13, 22] .
The present horizontal movement of Ordos Block can be considered as a result of the superposition of the two motions: one is the counter clockwise rotation of Ordos Block itself, and the other one is the whole movement of Ordos Block and the eastern continent of China. The superposition of these two motions formed the macroscopic manifestation of the horizontal movement of Ordos Block [2].
3.2.

Latest movement of Ordos Block
By using the GPS regional network data of North China in 1999 and 2015, the results of the velocity field in the North China region were obtained by the method of fusion algorithm and the coseismic displacement deduction. On the basis of these, the results of the filtered velocity field are carried out using the whole motion deduction and the multi kernel function method ( Fig. 2) [26e29]. The results show that the velocity field of North China has changed significantly in 2009e2013, 1999e2007 and 2013e2015, especially in northeastern, northwestern, southwestern and southeastern margins of the Ordos Block, the velocity field change is more significant.
Same as the whole movement direction of Ordos Block, we analyzed the direction and velocity variation of every edge of Ordos Block from 1999 to 2015. The velocity field in 1999e2007 shows that ( Fig. 2a ) in the eastern margin of Ordos Block, the dominant direction of the whole movement is NEE, the average velocity is about 1.5 mm/yr; in the northern margin of Ordos Block, the dominant direction of the whole movement is NNW, the average velocity is about 1.6 mm/yr; in the western margin of Ordos Block, the dominant direction of the whole movement is NNE, the average velocity is about 2.0 mm/yr; in the southern margin of Ordos Block, the dominant direction of the whole movement is SEE, the average velocity is about 1.5 mm/yr. The eastern and the western margin of Ordos Block showed the right lateral movement characteristics, the northern and the southern margin of Ordos Block showed the left lateral movement characteristics, the results are consistent with the basic motion characteristics of the Ordos Block. The dominant movement of Ordos Block is NEeNW, and its movement characteristic is counter clockwise rotation although the velocity is relatively small, the average velocity of the movement is less than 1.0 mm/yr. We also analyzed the direction and speed variation of the margin area of Ordos Block from 2009 to 2013 ( Fig. 2b) , and the results show that in the eastern margin of Ordos Block, the dominant direction of the whole movement is NNWeEES, the average velocity of the movement is only about 0.7 mm/yr; in the northern margin of Ordos Block, the dominant direction of the whole movement is NW, the consistency of the movement direction of each area is quite good, and the average velocity of the movement is about 2.0 mm/yr; in the western margin of Ordos Block, the movement direction is NWeNE from north to south, the average velocity of the movement is about 1.8 mm/yr; in the southern margin of Ordos Block, the dominant direction of the whole movement is ES, and the average velocity of the movement is about 1.0 mm/yr. The results of velocity field from 2013 to 2015 show that ( Fig. 2c) , the dominant direction of the whole movement is NE in the eastern margin of Ordos Block, and the average velocity of the movement is about 0.8 mm/yr; in the northern margin of Ordos Block, the movement direction vary greatly, NE and NW, from eastern to western margin of Ordos Block, and the average velocity of the movement is about 2.0 mm/yr; in the western margin of Ordos Block, the movement directions are NNEeNW from north to south, the average velocity of the movement is about 3.0 mm/yr; in the western margin of Ordos Block, the dominant direction of the whole movement is NEE, the average velocity of the movement is about 2.5 mm/yr.
The velocity fields of Ordos Block in 1999e2007, 2009e2013 and 2013e2015 reveal that in the different periods, the motion field of the same geographical position has significantly changed. The most obvious areas include northeastern, northwestern and southwestern margin area of Ordos Block. According to those three periods of observation results, in the area from the west of Beijing to the ShanxieHebeieInner Mongolia border region, which is the northeastern margin of Ordos, the movement direction is NEEeESSeNEE. The movement direction variation in the second period was nearly 90 , and in third period, the movement direction changed back to what it was in the first period. The movement direction of Hohhot showed no obvious change in the first two periods, but in the third period, it had a clear deflection and changed from NW to NE. The movement velocity has no obvious change during all three periods, the blocking characteristics are obvious in Datong Basin and Qiding Basin, and the velocity of the movement is only about 0.3 mm/yr. In the northwestern margin of Ordos Block, the movement direction of Yin-chuaneJilantai Basin experienced deflection and recovery during the three periods, the direction changed from NNW to NW, then changed back to NNW, the movement velocity showed no obvious change in the first two periods, but it enlarged obviously in the last period. In the southwestern margin of Ordos Block, the movement direction has no obvious change during the three periods, but the velocity has changed obviously from large to small, then changed bigger. The observation of these three periods shows that the southwestern margin area of Ordos Block has the largest velocity of movement in the whole Ordos Block.
According to the filtered result of GPS velocity field in 1997e2007, 2009e2013, 2013e2015, we consider that the eastern and western margin of Ordos Block showed obvious right lateral movement characteristics, the northern and southern margin of Ordos Block showed left lateral movement characteristics. The result of 2013e2015 shows that the largest velocity of the movement is in the southwestern margin of the block, which indicates that the pressure of QinghaieTibet Block NE extruding is increasing with time passing (Fig. 2aec ).
The dynamic source of Ordos Block
The rotation of the block which is restricted by kinematics is an important tectonic movement in the crust, the activity of boundary fault systems between blocks is essentially the rotation of these blocks. In addition to the movement of Ordos Block itself, Ordos Block is a participant of the whole movement of the Eastern China, that kind of movement pattern explains the difference in the rotation type between the northern margin of the Ordos Block and the southern margin of the Ordos Block. By "pushingobstructing model", the dynamic source of Ordos Block is the NE pushing by the northeast margin of QinghaieTibet Block and the obstructing by Huanan Block and Yanshan Block [2,13,23]. 
5.
Present seismic activity of Ordos Block
Till 2015, there were 179 earthquakes with Ms 5.0 occurred in the margin of Ordos Block, including 12 Ms 7.0 earthquakes and 3 Ms 8.0 earthquakes. These 3 Ms 8.0 earthquakes are the Ms8.0 earthquake in Shanxi Hongdong on September 25, 1303; the Ms8.3 earthquake in Shanxi Hua on February 2, 1556; and the Ms8.0 earthquake in Ningxia Pingluo on January 3, 1739. These three earthquakes distributed in the eastern, western and southern margin of Ordos Block. The northern margin of Ordos Block is the only margin area which have no Ms 8.0 earthquake record, the largest earthquake recorded in the northern margin is the Ms7.0 earthquake in the west of Baotou in AD 849. Although in the academic circles, there are still different understanding and views about that earthquake, and even some researchers suggested that the magnitude of this earthquake could be over Ms8.0 [11,30e32] , in the official earthquake catalog, it is still Ms7.0, so it is possible that the maximum magnitude recorded in the northern margin of Ordos Block could be more than Ms8.0. The frequency of Ms 7.0 earthquakes and the maximum seismic intensity are very different between the northern margin and the other three margins of Ordos Block, the seismic activity in the northern margin of the block is in a significant asymmetric position with the other three margins.
Among the 12 earthquakes with Ms7.0e7.9 which occurred in the margin of Ordos Block, there were 6 earthquakes occurred in the eastern margin, 1 in the northern margin, 5 in the western margin, 1 in the southern margin. The Ms6.0e6.9 earthquakes are mainly distributed in the eastern, western and southern margin area. After Ningxia Haiyuan county Ms8.5 earthquake which occurred on December 16, 1920, during December 25, 1920eApril 12, 1921 , there were 4 aftershocks occurred continuously in the western margin of block, the largest aftershock is Ms7.0, and after that, there were no more Ms 6.0 earthquake in the eastern, western and southern margin of Ordos Block. Between the Hohhot Bikeqi county Ms6.0 earthquake in 1929 and the Zhangbei county Ms6.2 earthquake in 1998, there were 7 earthquakes with Ms6.0e6.4 occurred in the northern and northeastern margin of Ordos Block continuously, the largest one is the Baotou Ms6.4 earthquake. So it means that after Haiyuan Ms8.5 earthquake in 1920, the activities pattern of Ms 6.0 earthquake in the margin of Ordos Block had changed significantly, and the northern margin of Ordos Block became the main active area (Fig. 3a) . The modern instrument recorded earthquakes with Ms 4.0 which occurred in the margin area of Ordos Block show that all Ms 6.0 earthquakes occurred in the northern margin since 1970, so the northern margin of Ordos is not only the main active area of moderateestrong earthquake, but also the main active area of moderate earthquake (Fig. 3b ).
Strain accumulation and release characteristics model based on GeR relationship
On the basis of the present research about complete seismic catalog data [33e39], we analyzed the seismic data in the margin of Ordos Block from 1970 to 2015 by using the strain accumulation and release characteristics model based on GeR relationship, and finally we got the results about the strain accumulation and release of the margin of Ordos Block from 1970 to 2015 [40] . The results show that the margin of Ordos Block's strain accumulation and release experienced two stages, the first stage is from 1970 to 2000, the second stage is from 2000 to 2015. In the first stage, there were 3 cycles, each cycle had two basic processes which are the strain accumulation and the strain release. In the second stage, the strain accumulation began from 2000, and the strain release didn't start until the AlashanZuoqi Ms5.8 earthquake on April 15, 2015 (Fig. 4a) , which was proved by the time series distribution of Ms 4.0 earthquakes in the margin of Ordos Block (Fig. 4b) . Because of the AlashanZuoqi Ms5.8 earthquake on April 15 in 2015, the strain of the margin of Ordos Block which had been accumulating continuously for 15 years, had a pre release tendency. In terms of the strain accumulation and release characteristics of the three stages, the duration of strain release may be 3e6 years. In the next few years, there is a probability of strain release in the margin area of Ordos Block.
Conclusion and discussion
Hetao Basin is in the northern margin of Ordos Block, it is composed of the Linhe Basin, the Baiyanhua Basin and the HohhoteBaotou Basin from west to east. The thickness of the Quaternary sediments in Hetao Basin gradually decreased from west to east, the thickness can reach up to 2400 m in Linhe Basin, and 1800 m in HohhoteBaotou Basin, but at Eastern Hohhot, the maximum thickness is about 1200 m, this shows that the crustal extension of Western Hetao Basin is larger than Eastern Hetao Basin. The thickness of the Quaternary sediments in Weihe Basin, which is in the southern margin of Ordos Block, gradually increased from west to east during Pliocene epoch and Quaternary, it shows that the crustal extension increased from west to east. The anti symmetry of the crustal extension between the northern margin and southern margin of Ordos indicate the anti clockwise rotation characteristic of Ordos Block, and it is a tectonic evidence of the movement characteristics of Ordos Block [5, 23] .
There are 45 earthquakes with Ms 4.7 in the margin of Ordos Block since 1970, 15 earthquakes occurred in the eastern, southern, and western margin, the other 30 earthquakes occurred in the northern margin of Ordos Block (including the northwestern corner and the northeastern corner of Ordos Block), particularly all 5 earthquakes with Ms 6.0 occurred in the northern margin. Considering the northern margin of Ordos Block has become the main active area of the periphery of Ordos Block since 1970, the study of the focal mechanism solutions and the present stress field of the northern margin of Ordos may be representative and reliable. The focal mechanism results of moderateestrong earthquakes in northern margin of Ordos Block mostly are strike slip earthquakes and the principal compressive stress and tensile stress are main levels, the AlashanZuoqi Ms5.8 earthquake on April 15 in 2015 also is a strike slip earthquake. The NEeSW extrusion and the NWeSE tension of the northern margin of Ordos Block [8] not only represent the direction of the principal compressive stress of the regional stress field, but also reflect the regional characteristics of the stress field in North China.
Using the seismic data, GutenbergeRichter found the relation between magnitude and frequency, which is the b value in the GeR relation [41] . The b value can describe the statistical relationship between the magnitude and frequency of seismic activity. Researches show that the magnitude of the regional stress field is inversely proportional to the b value, so b value not only reflect the proportion relation between the strong and small earthquakes, but also reflect the stress state of regional stress field [42e48]. As an important seismic activity parameter, b value is widely used in the analysis of regional seismic activity and earthquake prediction. This research use the data of the earthquakes with The latest GPS velocity field observation from 1999 to 2015 show that the left lateral movement velocity of the northern and southern margin of Ordos Block is much larger than the right lateral movement velocity of the eastern and southern margin of Ordos Block, which is in agreement with the observation of the seismic geology and structural geology.
The northern margin and the southern margin of Ordos Block have left lateral movement, and the eastern margin and western margin of Ordos Block has right lateral movement. An explanation is that the present horizontal movement of the Ordos Block is the result of the interaction between the Ordos Block movement itself and the whole movement of the mainland of China.
From the perspective of dynamic sources, Ordos Block is pushed by QinghaieTibet Block from the northeast direction, and there is a northwestern extension in the northern margin of the block, and at the same time, it is influenced by the Yanshan Block and the South China Block, so the relative movement among the margins of Ordos Block cause the counter clockwise rotation of Ordos Block.
After Haiyuan Ms8.5 earthquake in 1920, the northern margin of Ordos became the main active area of strong earthquakes not only at the block margin but also in North China, and AlashanZuoqi Ms5.8 earthquake on April 15 in 2015 also occurred in this main active area. The strain around Ordos Block has been accumulating continuously since 2000, and it is the longest period of strain accumulating since 1970, after the AlashanZuoqi Ms5.8 earthquake in 2015, some signs of strain pre release have appeared.
According to present records of small earthquakes and moderateestrong earthquakes, the stress distribution characteristics and the stress field show that in roughly uniform stress field, there are some abnormal regions of strain distribution in the northern margin of Ordos Block, and those regions may be the hazardous places for the moderateestrong earthquake in the future.
